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(54) PLASMA TREATMENT DEVICE FOR SPUTTERING FILM DEPOSITION 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a capacity-coupling type plasma treatment device for 
sputtering film deposition in which ion flux is uniformly deposited on a surface of a substrate at 
high concentration, but not re-deposited on a target 

SOLUTION: The plasma treatment device comprises an upper electrode 1 having a capacity- 
coupling type mechanism, a target member 2 fitted to the upper electrode and formed of a non- 
magnetic substance, a plurality of magnets 6 which are disposed on an upper surface of the 
target member having alternately changing polarity at equal intervals between the two magnets, a 
lower electrode 3 disposed parallel to the upper electrode, a wafer 17 mounted on the lower 
electrode, and a high frequency power source 16 which is operated at the frequency in a range 
of 10-300 MHz, and connected to the upper electrode via a matching circuit 15. 
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1. Title of the Invention: 

A plssna processing system for spotter deposition applications 

2. Claim: 
[Claim I! 

A plasma processing system for sputter deposition appiicaticos ch 
aracteriied bj comprising: 

a reactor having gas introducing inlets and a vacuuming outlet, 
id apper electrode witb a capacitively xouplcd mechanism arranged 
sit s a i~d* reactor, 

2 target member cf noo-magnetic material- attached tc said apper e 
lectrode, 

i ploralitr cf magnets arranged over an upper suiface cf said tar 
get member and withio a cavity between said oppcr electrode and said tar 
get member, which baie a equal distance between two of them and alternat 
e polar i t r . 

a lower electrode placed parallel to said apper electrode in said 
reader, wherein a wafer to be processed is loaded on said lower electr 
ode, and 

an rf pewer source operating at a frequency in a range of 10 MHz 
to 300 MHz connected tc said upper electrode via a Batching section. 
[Claim 21 

A plasma processing system lor spatter deposition applications as 
claimed in claim I, characterized in that said plurality magnets are ro 
tated by a rotating mechanism around a central axis of said upper electr 
ode . 

[Claim 3] 
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A P 1 a ski processing system fcr spatter deposition applications as 
claimed io claim 2, characterized i o that said rotating sechtcisir. is co 

mprised c I a motor, a first gear deHcc connected tc the meter, a second 
gear device arranged to a sheet pre v i ded with said magnets, acd a icd c 

ade cf so itsniating material connecting the first and second gear dene 

es . 

(Claim 4: 

A piainia processing system fox spotter deposition applications as 
. claimed in any one of claims I - 3. ch ar a ct er i *ed in that said upper el 
tetrode is connected tc a DC voltage supply via an rf eat-c f i "f iTt e r " 
[Claim 5} 

h plasma processing system for sputter deposition applications as 
claimed in any one of claims I - 4, cb a r a c t er i it d in that said upper el 
ectrode is connected to a secondary rf power sapply ?ia the matching sec 
tion . 

{Claim 6! 

A plasma processing system for sputter deposition applications as 
claimed in soy one of claims i - 5. character iied in that height cf sai 
d magiets arranged over the upper surface of said target member varies i 
n radial direction. 
[Claim 7; 

A plasma processing system for sputter deposition applications as 
claimed in any one of claims 1 - 6, characterised in that strength of s 
aid magnets arranged over the upper s s r face of said target member varies 

in radial direction. 
3. Detailed Descriptici of Invention: 
[00011 

[Field of Industrial Application" 
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Tbe preseot Irsventicn relates to a plasma processing system for s 
potter deposition applications, and mere particularly, ;o a plasma assis 
ted sputtering System having an improved plasma source capable of iodepe 
udeotly controlling plasma ion density and ion eaergy at as rl (HF or YH 
F} electrodes usefol for a spattering process of metal or dielectric nit 
erials during the fabrication cf integrated circuits in the semicocdacto 
i i g rj a s 1 1 y . 

[0 002! 
.[Prior Art] 

-kji'ft-^rei aad high-density plasma sources with highe! radial uni 
f ormrtf • are of great demand to process large area sobstrates without cha' 
rge-ioduced damages lo the devices fabricated on the substrate surface. 

Specially, development of new plasma sources for the sputtering proccs 
S of metal and dielectric materials with enhanced uniformity of the depo 
sited film is of important. Difficulties in obtaining the above -mention 
ed properties with conventional plasma sources are explained using two c 
onventional configurations as shove in Figs. 6-9. which. are usually ap " 
plied in 200 mm wafer or flat panel plasma processing systems. 
T0003] 

Fig. 6 shows a simplified conTeotiouai magnetron-type plasma sour 
cc that uses for spotter deposition applications in semtcoadoctor indost 
ry. A reactor 101 is comprised of an upper electrode 102 made of a non- 
magnetic metal, a cylindrical side wall 103 and a lower electrode 104. 
The upper electrode 102 forms a top plate of the reactor 161 and the low 
er electrode 104 is arranged on a bottom plate 105 cf tbe reactor 101. 
The upper electrode 102 and the iowc: electrode 10 4 are parallel tc each 
other across at least ever a pcrtioa cf the reactor lOt. The side wall 
103 and the bcttoro plate 10$ are made of a metal, for example stainless 
Steel, The side sail 103-and tbe bottom plate 105 are grtonded. The a 
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pper part of the side wall 103 is ertended o pwa r d tc make a icon) at :bc 
catside of the reactor. The side wall 103 has t dielectric nog 106- A 

target plate 107 made of a material oeeded to be sputtered is fixed tc 
the lower surface cf the apper electrode 102. Usual I f i the target plate 

107 has slightly smaller dimeosicES in comparison with the upper clectr 
ode 102. The composite strocture of the opper electrode 102 and the tar 
get plate 107 are placed en the dielectric ring 10S in order to electric 
ally isclate from the rest of the reactor 101. Oo the apper surface cf 
the apper electrode 102, two magnets 108a aod 108b of circular aod ring 
4hape"s~ : are;"csnc.e~fi".'i rial! *y placed as shown in Figs. 6 a*ad'"7 .*' ;T^e""'Cwo--inag 
'nVts l&Ba - acd 1^0 8 bare fixed totbe apper electrode 102 and opiate 12! 
used as a magnetic route is placed on the tow magnets 108a aod 108b. Th 
e central magnet 108a if cl a cylindrical shape without any cavity as sh 
awn io Fig. 7. The ootcr magnet 108b is of a ring shape. The height ao 
a* widths of each of the magnets 108a aod 108b are not critical and seler 
ted according to the other dimensions cf the reactor 101* The magnets I 
08a and 108b are placed oo the opper electrode 102 sc as to have epposit 
e polarities facing the inside oltbe reactor 101. This arraigemeot of 
the magnets 108a aod 108b generates carved magnetic fields 109 between t 
hesc two magnets. 
10004: 

The apper electrode 105 is ccooected tc ao rf electric power soar 
ce 110 operating at a frequency in the raroge cf 0.1 MHs to 300 MIfx thru 
agh a matching circuit ill. The freqieacy cf the rf electric power soar 
ce 110 is usually 13.56 MHi. When an rf electric power is applied to th 
e apper electrode 102, plasma is generated by the c a pa c i t i v e I y-cc op I e d m 
cchanism. Once the plasma is made, electrons io the plasma are confined 

within the carved magnetic fields c a a s i a g an iotrcasc ol plasma density 

iothatregiGo. 
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10005} 

A s a b s t r a t « 112 is placed os t he lower electrode 104 ?bich is ele 
ctrically ifclated f r cm tbe bottom plate 105 thrcogh an inselaiing mater 
ia) 113. Tbe lower electrode 10< inay or may not be given in rf electric 
pever from an rf power scarce, ff an rl electric power is sopplied tc 
tie lower electrode 104 by an rf electric power scarce 114 through a mat 
chiag circuit 115, as shewn in Fig. 6 t the frequency cf the rf electric 
power source 114 usoally lies in the region of 0.1 MHi to 30 MHi. When 
an rf. current is applied to the tower electrode 104, it gets negatively 
biased causing an .ion bemba r dmeot onto the surface of tbe. Jobs tra t-e ~ ft Z..** 

Though the ieo bornbafdmeot causes an etching process on fifms'depcsHe 
d on the substrate 112, the self bias wo 1 1 age of the lower electrode 104 
is controlled so that the litm deposition rate exceeds tbe film etching 
rate oo tbe substrate 112. 
10006; 

Another conventional magnetron type spattering source shown in Fi 
g- 8 is a slight modification of the above-mentioned plasma source gives 
in Pig. 6. Here the central magnet 108a is placed in an off-axis mode 
in order to form an asymmetric magnetic field 109 below the opper electr 
ode 102. A top Tiew of this magaet arrangement is shewn ia Fig. 9. Thi 
t magnetic configuration is rotated around a central axis (shown at a da 
Shed line 116 io Fig. 8) of the opper electrode 102. The raagoet arrange 
meat formed by the magnets 1 0 8 a and 108b shown in Figs. 8 and 9 rotates 
asymmetr ical ly . 
[0007] 

[Problems to be solved by tbe Invention] 

The parallel plite plasma reactor shown io Fig. 6 has several ad 
vantages s a c h as Urge area plasma between the parallel electrodes, read 
ily ignition cf the plasma,* and the ability of coDtrclliog plasma ioo eo 
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ergy at ihe lower electrode sarface. W;:h the magnet imigcmcD*. ^ i v e n 
in Fig. 6, a doughnut-shaped curved magnetic field is generated belcw th 
e apper electrode 102. Once the plasma is ignited, higher-density plasm 
a of the doughno t -s&aped is f d i me d below the apper electrode 1 G 2 doe to 
the magnetic confinement of electrons. Since this h i ghc i -de n 5 i I j plasma 

is mainly confined within the region between the magnetic poles of the 
magnets 108a and 108b, there is a lower plasma density in the vicinity o 
f the magnetic poles. 
[00083 

Further, the strength of t he" ma'gne tl e field iocreases toward. the 
magnetic poles. This causes a miircr reflection 4 1 the electrons that i 
csull in lower electron density at the magnetic poles cf the magnets 108 
a and 108b. When tbe electron deosity is low, the ion density is also g 
ets low since ions are trapped in tbe plasma by electrostatic fields gen 
er ated by electrons. 

[O0O9] 

Because of the two reasons explained above, the inn Uqj at the a 
agoctic poles gets smaller to result in a lover sputtering rate. Howcic 
f, since there is a h igher -dens i t j plasma in the d on ghnn t -s h a pe region b 
etween the respective magnetic poles cf the magnets 108a and 108b, the a 
rca of the target plate 107 corresponding to tbe regies between the two 
magnets gets strongly spattered. A fraction of these spattered atoms ar 
e reflected back doe tc the scattering by gas moleciles and deposited ag 
tin on tbe target plate 107. Since the sputtering rate at tbe places of 
the target plate sarface corresponding to the magnetic poles is relativ 
ely smaller, deposition of the spattered atoms at these places gets doni 
nant. The re-depositcd film, however, has a lower density and stick loo 
selj on tbe target plate 1 0 7 ? thus it can be easily released a? particle 
s. Moreover, due tc tbe etching cf coly ibe dooghnst shaped region, the 
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a t i 1 i r a t i q d efficieacj cf the targei g r e a : 1 r red ace 5 . 
1 0 0 1 0 : 

In order to avoid the re-depcs it ice of spattered naterials co the 
target plate 107, as sbcvn in Fig. », the magnets 108i aid 108b are pla 
ced asgmnetr kill, asd rotated areond the ceeira! axis 116 cf the ipper 
electrode 102. Ereo tboagh there is the r e- de po s i 1 1 on of spattered naie 
rials at the places corresponding Ic the magnetic poles, the re-deposite 
d films are i mined i ate I j sputtered back ictc the plasma doe to the rotali 
oi «J th_e magnets. Accordingly, the source c f pa r t i c Te s . i o the plasma c 
an" b t " i 1- i id i. B~:I;t e S~.-~'4' T 

Rowerer, the plasma generated with the cod f igur ation given in Fig 
. 8 is radially too-enifcrm. This canscs a dob-do i F ore ice fin* onto th 
e surface of the substrate 112. This may cause iocaliiei charge build u 
P flfl the substrate surface, specially if the sabstrate 112 is ncgatiicfy 
biased by applying the rf electric power to the lover electrode 104, wh 
ich e?entoal]y results io electrical breakdewa of sub-micro scale clcmcn 
ts on 

the sabstrate 107. 
[00121 

An object of the prescat invention is to provide a ma gn e t i c a 1 1 ? c 
chanced capacit i ve ly-conplcd plasma processing system for sputter deposi 
tiou applications with higher ion ccoceotrat ion, higher ion flox uniform 
ity dd the wafer or substrate sirface and withou the r c-depo $ i t i on of s 
pattered materials back on the target member. 

[0013] 

IMcaos to scire the Problem* 

A plasma processing system foi sputter depesitioa applications in 
accordance vitb the present i d » e n t i o d has a reader, a d npper electrode 
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, a target member, a plurality of raagEets, acd an rf pc^er source. The 
reactor lias gas introducing inlets an: a v a c g u m i n g cptlet. The upper el 
ectrode is provided with a capatitiveiy ccapleo mechanism and arranged i 
o tbe reactor. The target member is rtade of oco-oagoetic materia i and a 
ttached to the upper electrode. Tie plurality of magnets is arranged cv 
er the apper surlacc cf the target member and within a cavity betweeo th 
e upper electrode aod the target member, which have a equal distance bet 
ween two of them and alternate polarity The lower electrode is placed p 
arallel tc the upper electrode in the reactor, aed a wafer (or sabstrate 
) to be processed is loaded on'thc lower, cl ectrode. The rf p-cwe? iVofce V 
operate! at a fiequency in a range, cf 10 MHz lo 300 MHz and is ecnnette"»*" 
d to the upper electrode via a matching section. 

In the above plasma processing system for sputter deposition appi 
i cat ions, preferably, the plurality of magnets is rotated by a rotating 
mechanism around a central axis of the upper electrode. 

In the above plasma processing system for sputter deposition appi 
ications, preferably, the rotating mechanism is comprised of a motor, a 
first gear device connected to the motor, a second gear device arranged 
to a Sheet provided with the magnets, aod a rod made of an insulating ma 
terial connecting the first and second gear devices. 

In the plasma processing system for sputter deposition applicatio 
ns, preferably, tbe upper electrode is connected to a DC voltage supply 
via an rf cit-of f filter. 

In the plasma processing system fcr spotter deposition applicatio 
os, preferably, tbe upper electrode is connected to a secondary rf power 
supply via the matching section. 

Ia the plasma processing system for spotter deposition applies tic 
us. preferably, height cf the magnets arranged or ti the jppci surface" cf 
tbe target member varies . i : d radial direction. 
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ii the plasma process sof sjjtem fc: spotter depositee appiieatio 
ns, preferably, Strength c f the magnets arranged ever the epper 5tr f acc 
of the target member raries in radial direclioo. 

[0034! 

The configuration of the abo*e present invention maintains a mago 
clicallj enhanced capic i t i re If -coup led plasaa below the target member. T 
be raagoeis are arranged to generate a cluster cf point-cusp magnetic fie 
Ids bdo» the target member, therefore, there is a higher magnetic field 
strcigth it'Jki vicinity of target member resulting in a higher plasma 
density. Owi ng/to. tlie. .rip id "decaj of magnetic field towards tie lover el 
ectrbde tflere ft-fiTfef is placed, wafer is in a magnetic field-free enrir 
onment. Tbis facilitates tc apply as rf electrical power tc the lower el 
ectrcde in order tc give a negative bias voltage to the wafer. Further , 
due to tbe rotation cf magnet arrangement, re-deposition cf sputtered at 
oms on tbe target is prevented and tbe erosion profile of the target get 
S aimos t id i fcrm. 
[00151 

Working Example of I aveot i on] 

Hereinafter, preferred working examples will be explained accord! 
og to attached drawings Tbrcogb the explanation of the working example 
S , the details of tbe present inventions will be clarified. 
. [00161 

The first working example ef the present invention will be eiplai 
ned in accordance with Figs. I and 2. Figs. 1 and 2 show views of a pla 
sua sonrce osed for a plasma processing system cf the first working exam 
P ,e - Fil- 1 shows a cross sectional view of the plasma processing sjste 
m and Fig. 2 shows the magoet arrangement. 

[0017] 

In the above plasma processing system, a reactor 50 is comprised 



(19) 



#§12002-363740 



of an upper electrode 1, a target member 2, a lower electrode 3. a cyiio 
drical side vail 21, a top plate 22a. a bottom plate 22b. and a wafer be 
Her 23. The target member 2 is arranged to the power surface of the ep 
per electrode J. A plarality of magnets 6 is arranged o?er the upper so 
rfaee of the target membe; 2 and in a ca?itj 13 between the upper eleetr 
ode 1 and the target member 2. Farther, the reactor 50 has gas inlet? 4 
and a vaeoaming cutlet 5. This vacuuming outlet 5 is connected a Tacno 
m pomp (not shewn) . 
100181 

The upper electrode I is made of a me t ai \ ~f d r;ilttf|Ct' a " "AiV'a nd pi 
aced on a r i • g 14a made of a d i el ec t r i c ma ter i a 1 '< f o'r "eximpl c f ceramic. 

The npper electrode 1 is of a circular shape . The dimcssioos cf the n 
pper electrode 11 are not critical and depead cn the size ol a substrate 
to be processed. The cylindrical fide wall 21, the top plate 22a and t 
be bottom plate 22b art made cf a metal sad electrically grounded. 
10019] 

The target member 2 i$ made ol a metal, for example Cn, that need 
s tc he sputtered and deposited oo a surface of a wafer 17. This wafer 
17 is leaded cn the lower electrode 3 arranged in the wafer holder 23. 
The target member 2 is tightly fixed tc the upper electrode 1. for exaop 
le, by bolts or by diffusion bonding. The shape of upper electrode 1 an 
d the target member 2 is designed so tbat there is the cariiy 13 between 

the opper electrode 1 and the target member 2. The diameter cf upper el 
ectrode and the target member are net critical and selected depending on 

the diameter ol the wafer 17. For example, if the wafer diameter is 20 
0 mm, the target diameter may lie in tbe range of 2 0 0 mm to 350 mm. T b c 

tbickaess of the target member 2 belcw the magnets 6 is also not critic 
a I aod c sea My lies arcund IS mm. 

( o o 2 o : 
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The arrangement cf the magnets 6 within the cavity 13 between the 
upper electrode 1 and target member 2 is shtwa in Fig. 2. The plnraiit 
y of magaets 6 is fixed to a circslax shed 7. He magnets 6 arc a r :a fig 
ed with e q o a 1 distance tc each other and with alternate pcla/ity. The s 
eparaticB. between an? two neigbbciiog magnets 6 is not critical and can 
be taried io the range c f 10mm to SOrara. The dimensions of each magnet a 
re the same. Tbe cress sectiooai shape of the sagoet 6 may be cf sqcare 
shape or of circalar shape. II the cress sectional shape is of cirtoia 
r shape, the diameter may vary in the raogc of 5 mo tc 40 mm. If the ci 
bss ice t io oaj .J*Jj*Tt *-i-s cf sqoare shape, comparable dimensions are taien. 
The height Vf.'the magnet 6 is ncl critical and can be lie in thejrange 
of 5 mm Ic 30 mm. Mcrec-ver, tbe strength of the magnetic fields 24 of 
the magnet 6 is also not critical. Usially the strength cf tbe magnet 6 
is selected to generate around 100 Gaass to 60 0 Gauss magnetic field cn 
the lower surface cf target member 2. 
[00211 

Fhcn the magnets 6 are arranged ever the target member 2 as expia 
i Bed before, magnetic field lines 24 emitted from aay magnetic pole soon 

bend towards tbe nearest opposite polarized magnetic pole. Therefore, 
this nagnet arrangement generates i cluster cf point-cusp magnetic field 
s. Since the magnets 6 are arraoged close to each cthei, magaetic field 

lines 24 bend within a short distance from the magnets 6. Therefore, t 
bis magnet arrangement yields strong magnetic field 24 at the vicinity o 
f the inside regioo of target member I and decays vc/y fast towards the 
lower electrode 3. Accordingly, by keeping an appropriate distance betw 
eea the target member 2 aod the lower electrode 3, a magnetic field-free 

environment cai be obtaioed at the s a r face of the lower electrode 3. 
f0022i 

One pole of each magnet 6 is attached tc the sbeet 7, which is pr 
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elerably made of a metal. So I he oiker pole of each magnet 5 faces the 
iote?ior cf the plasma-pjoccssing reactor 50. The sheet 7 in a? b i c b the 
magoets 6 are attached is fixed within the cavity 13 between the upper e 
leetrode 1 and the target member 2 *itb the support of bearings 8. The 
sheet 7 can be rotated around tic central axis of the Dppe; electrode 1. 

Farther, the magnets 6 are arranged to have a snail separation prefer 
ably about 1 mm, between the lever surface of the magnets 6 and the uppe 
r surface of the target member 2. In order tc rotate the sheet 1 with t 
he plurality of magnets 6\ the upper surface of sheet 7 is connected tc 

. a'motcr 9 iia s lit a bl t ~HfF'*ji t l&V.od 10b. "The gear systems 10a a ' 
nd 10b co the ofrper sj rf ace «'l alee IT1 are connected by a rod 11 made of " 

ao insulating material. This is- impo r t a a t in order to eliminate the tr 
ansmissicn of rf current to the meter 9 aod the magucls 6. The rod 11 ra 
ade of the insulating material passes thruigh a small hole 12 made en th 
e uppe r electrode I. The diameter cf the small bele 12 made on the uppe 
i electrode 1 is made as small as possible in order to prevent the condn 
ction of rf current tc the cant] between the upper cleclicde 1 and the 

- target member 2. The magnet arrangement including the sheet l t is rotat 
ed with a pre-decided frequency, usually arcod 5 tc 10 Ha. The motor 9 
is preferably placed oatside the side wall 21 of the reactor 50 and cpe 
rated by a DC cr AC cirrent. Even though the magnet arrangement is iota 
ted as explained before, cue can use a different technique to rotates tb 
e magnet arrangement, for example, a kind of magnetic coapling can be us 
ed. which eliminates the use cf small hole 12. 
[00 231 

The composite structure cf upper electrode I, target member I aod 
magnet arrangement is electrically isolated from the rest of the reaclc 
r 50 by placiog on the dielectric rings Ha and Hb) . The upper electro 
dc 1 is connected to an rf .power Supply 16 iia a matching circsit 15. T 
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be freqgencT of the rf pc*er sapply 16 is net criricai and cae be lie in 
tie range of 10 MHz tc 300 MHz . 
[0024] 

Tile lover electrode 3 is connected tc tn rf pewer scarce 18 via « 
matching circuit 19. The lower electrode 3 is given an rl electrical p 
over from the rf po«er scarce 18. Tlx frequency of tbe rf pewer scarce 
18 is not critical and cm be vary in the range of 0.1 MHi to 300 MFh . 
The il power source 18 may be omitted, if the Inwer electrode 3 ii tot 
given t he rf electric power, the electrical status of the tower electrcd 
e 3 may be of floating state or grounded state. Tbe exact electrical st 
atus of the lower electrode 3 is determined by tie respective wafer proc 
essing technique. 
[§025] 

There is a gas introducing system to the p I a sma - pr cee s s i ng reactc 
r 50 as shown in Fig. 1. A circnlar tibe 20 with the plurality of gas i 
nlets 4 is fixed to the inside cf side walls 21. However, one may adept 
a different technique tc introdncc process gas into the reactor 50. 

[00261 

Wbeo the rf electrical power is applied to the upper electrode 1 
from tbe rf power source 16, the if correct Hew* tc tbe lower surface o 
f target mcmbei 2 and generates a plasma by capae it iwe iy-conpled mechani 
8m. Owing tc the magnetic field 24 at the vicinity cf the target member 

2, tbe electrons in the plasma undergo cyclotron rotation and confine c 
lose to the target member 2. This results in an increase of plasma dens 
ity. Since the magoets 6 are arranged t u generate tbe plurality cf enrv 
ed magnetic fields 24 throughout the lower surface of the target member 
2, high-density plasmas are generated within each set of curved magnetic 

filed lines -24. Depending on the Dumber cf magnets 6 arranged, the nam 
her of localized h igh-d ens \\i y plasma sites varies. By arranging large n 
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umber of magnets 6 close to each otber, tie nember ci is i gh -J c o s i I t plasm 
a gener a t i cd sites can be increased. Therefore, the arerage plasma deos 
ity below the target member 2 can be increased s i go i f i t a o i i r compare* 1c 
those of conventional plasma sources eiplaioed in prior art section. 
[002 72 

With tbc generation of plasma, the target member 2 gets negative! 
y biased, becaase the surface area cf the target member 2 is smaller t ha 
n the grounded surface area where plasma is in contact with. Due to the 

negative self-bias toltage, ions in the plasma accelerate towards the t 
-a'rget. Scmbe; ga i u* : <o-e'r gy , and bombard oa t b e target 2;' f hj/.fc^M-t t e r % 

the Jargtt me-mVer 1 tu the plasma. A fraction of t he'Ypi t t-mT a t'cmi f 
rom the target member 2 passes through the plasma sod deposits on the st 
rface of the wafer 17. Another fraction of sputtered atoms re-deposit c 
n the target member 2 due to the scattering in the gas phase. The reraai 
fling sputtered atoms deposit on the cylindrical side wall 21 and ether s 
arfaces, which are exposed to the plasma. 
[00281 

Once the plasma is generated below the target member 2, electrons 
and ions at the vicinity of target member 2 get moved by Ex B. where E 
and B are the DC electric field aad magnetic field oo the target snrfac 
c respectively . This E i B drift cf the plasma, hewefer, is localised t 
o smaller regions defined by the separation cf magoets 6. Because, the 
magnets 6 are arranged to cancel oat E x 8 drifts of the neighboring nag 
lets. Therefore, this magaet arraagemeot yields almost radially uniform 
plasma a few centimeters below the target member 2 by the diffusion pro 
cess. FoTther, due to the rotation of magnets 6. there are no rc-deposi 
tico sites on the target member 2. This also causes an almost uniform e 
rosicn cf the target member 2, which results in an increase of target ot 
iiizalioQ efficieocy. 
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10029! 

As explained before, there is no magoe t i c field at the surface of 
lower electrode 3. Therefore, the rf electrical power from the r( pewe 
1 source 18 cao be applied tc tie love; electrode 3 vitkoit distorting t 
he plasma soi fo/mi If on the wafer surface. If there is a magnetic field 
01 the wafer sarfacc. plasma diifts tc cne side of the reactor 5C doe t 
0 I 1 B drift, vheie E and B are respectively the strength cf DC electri 
c field aod magnetic field od the wafer surface. By applying a suitable 
rl electrical power tc the lower electrode 3, its self-bias voltage can 
be changed aoi thereby the energy c f i cos bomba-i d inf "h\ t fit^a Tic for f-a .< 
ce cai be changed. 

f 0 0 3 0 ; 

Tbe plasma processing system of the first working example cao yie 
ids a bigber density plasma below the largeL member 2 compared to those 
of the conventional plasma sources. Ii can facilitate spatter depositic 
d of metal films od the wafer with the anifcrm film deposition rate aod 
the DBiform erosion rate of the target member. Further, it can facilita 
te independent control of plasma densitj (or the ioo f!nx) and ion energ 
y bombarding en tbe wafer sd 1 face by controlling the rf electrical power 
applied tc the opper electrode 1 aod lower electrode 2, r t s pe c t i ire 1 7 . 

[00311 

Next, the second working example cf the present invention i! expl 
ained in accordance with Fig. 3, Tb i s working example is an extension 0 
f the first working example. The upper electrode 1 in tbe second vorkio 
g example is supplied a DC bias voltage from a DC power supply 25 in add 
ition to the rf electrical power from the rf power source 16. This DC po 
wer is supplied via a rf cut-eff filter 26 that protects the DC power s 1 
pply 25 from the rf current from the rf pewer source 16. Except this ad 
ded stractore, all tbe othe.r configuration is the same as explained io t 
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be first working example. The ether components sbfiwo in Fig. 3 sobs tan t 
ially ideuiica! to those explained in the f i i s t working example arc :esp 
cctivcly designated by tbc Same reference cnmcrals. 
[0032: 

Id the second working example , the application of the negative DC 
voltage larger than the self-bias vcltage generated by the plasma resul 
ts in an increase cf spattering rate of the target member 2. This reso! 
ts in an increase of film deposition rate 00 the surface of the wafer 17 

"The -JriiU voriing example is explained with reference tc Fig. 4. 
The third »orkiog example is also an extension cf the first working ex 
ample. The upper electrode I id this working example is supplied anothe 
r rf cdi rent from a secondary rf power scarce 27 via a matching circait 
23. With the application cf the secondary rf orient to the upper elect 
rode 1. two rf filters 29 and 30 are added to the electrical circuit. T 
he rf filter 29 cots off xl current coming from the rf power soorce 16 a 
Dd the rf filter 30 cuts off the rf current coming form the rf power toi 
rce 27. Except this mc d i f i ca t i 00 , all the other components are the same 
as those explained in the first working example. 
[0034] 

. The frequency of the secondary rf power source 27 it lower than t 
be prinarj rf power source 16, and preferably lies in the range cf (1 . 1 M 
Hi to 30 MHi. Application of the rf current with a lower rf freqnency I 
rem the secondary rf power soorce 27 results in an increase of the self- 
bias voltage co the target member 2. This causes a higher sputtering ra 
te of the target member 2 and thereby a higher film depesitioo rate 01 t 
bewafersoriaee. 

C 00 3 53 . . 
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The fourth working eiample is eiplained ia accordance witt Fig. 5 
. This working example Is also ac extension cf the. above working exampl 
es. That ii f the hardware coofigint iu tf the fcorth working example i 
£ the same as that of each working example, except for the nagnet arrang 
erneat. Since only t b c magnet a r : a ogerae n i has beeo changed, only the mag 
net arrangement is shown in Fir 5. Fig. 5 s bovs a tlU Ti ew el the pla 
rality of magnets and the sheet 7. 

[0036] 

Except the height of each magnet 6, other dimensions of magnets, 
strength of magnet^aftd se.pa ration 'between magnets are the same as these 
explained in 1 he f Hsi wcri'i ng efamplY. The height of magnets- 6 Tattei 
ia Tad i a I direction. For example, the height cf magnets 6 becomes Shor 
tei towards the center cf the sheet 7 or l be target cenbe r 2 as shewn in 
Fig. 5. One can change the height cf magnets 6 on the other way. For 
example , 

the height of magnets may become shorter towards the enter edge cf the s 
heet 7. The criteria for the change of magnets' height is as fellows. 
EO037] 

As explained in the first working example, when there is the magn 
etic field 24, the plasma density increases and plasma get? ceofined wit 
bin the region of the magnetic field 24. The plasma density increment a 
nd tie confinement-strength change depcodiog on the strength of magnetic 

field. Therefore, by changing the height of magnets, the strength of n 
agnetit field below the target member 2 can be changed and thereby the p 
lasma dens i t y and plasma confinement can be changed. Thai is. the heigh 
t of magnets cao be treated as a centiclliog parameter cl plasma deositf 

at the vicinity ol target member 2. Depending on the type of wafer pro 
cess inf. applied, rf power aod pressure employed, it is important tc chaa 
gc the radial profile of plasma density at the ?icicity of target ccmber 
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2 in cider tc ger a uniform film depesiiicn cn the wafer surface. Ib t 
hese litialtoii, the beigfri of mgaets is cbaoged appr c pi i a 1 e 1 y as descr 
ibed abcie to get a uniform file cd the wafer. 
. [0038: 

Similarly, ooe can change the strength of magnetic field 24 below 
the target member 2 by selecting magnets with different strengths of ma 
gnetic fields and by arranging them radially symmetric pattern. 
[0039] 

[Effect cf the Invention] 

T-h.e plasma processing system cf the pre Scot i oven tic 0 can yields 
a hi,gici density plasma below the target member by making the cluster .of 
poinl-cusp magnetic field ssiog the plurality of magnets haling the pre 
determined arrangement. The plasma processing system of the present inv 
cnlion cao facilitate spotter deposition cf metal films no the wafer wit 
h the uoiform film depoiiticu rate and the oniform erosion rate cf the t 
ugel member. It can facilitate independent centre! of plasma density ( 
or the ion flox) and ion energy bombarding cn the wafer sarface by ccotr 
oiling the rf electrical power applied tc the upper electrode and lower 
electrode r e s pe c t i re 1 y . The present inTention can provides a magnetical 
iy enhanced capaci t ive I y-coup led plasma processing system for spotter de 
position applications with higher ion concen t r a I i 0 o . higher ion flox nni 
fcrmity on the substrate smface and without the f e-depes i t i co cf spnttc 
red materials back on the target member. 
4. Brief Explanation ol Drawings 
[Fig. i] 

This figsre is a cross sectional view cf the first rcrling exampl 
e showing the ci pac i t i v e 1 y~c cap 1 ed electrodes, a target member and a mag 
nei arrangement . 
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{Fig. 2: 

This figure shows magnet arrangement used id tee first working ei 

amp 1 e . 

[Fig. 3] 

This figure is a cross sectional new of the sccood working examp 



ie. 



(Fig. 41 

This figure is a cross secticoai Mew of the third working eianpl 



e . 



[Fig. 5] 

This figure is 1 S ide vie* of t be sheet aod the magnets in tie rb 
ird working example. 
[Fig. 6! 

This figare is 1 schematic view showing the first convent icoa t pt 
asma soarce used for plasma prcccssiag. 
Ifif. 7] 

This figare is a top lie* cf the upper electrode shown ic Fig. 6. 
[Fig. 8.1 

This figare is a schematic ?iew shewing the second coorentiooal p 
iasma source used for plasma processing. 
[Fig. 91 

This figure is a top riew cf the upper electrode shown io Fig. 8, 
[Explanation cf Reference Signs io Drawings] 
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2 Target plate 

3 Lower electrode 
6 Magnet 

17 Wafer 
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1. Abstract 

A Plasma processing system for spelter deposition applications pr 
cvidei with aa upper electrode 1 with a capae i t i * e I y co.pled mocha. tsra; 
a target member 2 of oc 0 -ma g ne t i c nalerial attached to tbe apper eiectra 
if. a plarality cf magnets 6 arraoged over tbe ipper surface of the t a r jr 
et member, nick have a eqsa 1 distance bcUeea t*c of tbeei aod alternate 
pelaritj; a lower electrode 3 placed parallel to the apper e | tc trcde; a 
«afer 17 loaded on tbe loser electrode; aa rf power so.rce 16 operates 
at a freqoencj io a raogc of 10 HHi to 300 Mt aod is eeone'eted tc...t'le-.i 
pper electrode ria a maiding cirtait IS." 
2- Represent Dra^iog Fig.l 



